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ABSTRACT  Background:  Bone  and  soft-tissue  loss  are  common  extremity  injuries  sustained  in  current  military  con¬ 
flicts.  Selected  host  national  patients  had  their  definitive  orthopedic  care  performed  at  our  combat  support  hospital.  Soft- 
tissue  reconstruction  can  be  a  challenging  task  in  this  environment.  There  are  several  situations  in  which  free  or  rotational 
flap  coverage  is  not  possible,  including  the  presence  of  a  single  vessel  limb,  local  muscle  damage,  and/or  nonavailability 
of  an  experienced  flap  surgeon.  The  technique  of  shortening  and  angulation  for  extremity  soft-tissue  reconstruction  is 
described  using  tools  available  in  a  theater  of  operations.  Methods:  We  treated  6  limbs  in  5  patients  with  the  technique  of 
shortening  and/or  angulation  to  obtain  soft-tissue  coverage  for  extremity  war  wounds  at  our  combat  support  hospital.  Bony 
stabilization  was  accomplished  using  the  standard  Hoffman  11  external  fixator  (Stryker  Orthopedics.  Mahwah.  NJ).  The 
extremities  treated  included:  2  humerus  fractures,  3  tibia  fractures,  and  I  ankle  fracture.  Two  of  the  patients  required  vas¬ 
cular  reconstruction.  Patients  were  followed  for  as  long  as  possible  given  individual  circumstances.  Results:  One  patient 
in  the  series  died  ot  multiple  organ  system  failure  because  of  intra-abdominal  injuries.  Average  follow-up  on  the  remain¬ 
ing  patients  was  7.03  weeks  ( 1  to  14  weeks).  In  the  patient  with  l-week  follow-up,  the  skin  graft  hud  100%  take.  All  other 
wounds  were  healed  at  the  latest  follow-up  without  signs  of  infection.  Conclusion:  Shortening  and/or  angulation  of  extrem¬ 
ities  with  bone  and  soft-tissue  loss  is  an  effective  means  of  obtaining  soft-tissue  coverage  in  a  theater  of  operations. 


INTRODUCTION 

Extremity  injuries  sustained  during  military  conflicts  are 
often  associated  with  significant  bone  and  soft-tissue  loss.1-5 
Management  of  these  soft-tissue  defects  can  be  a  challeng¬ 
ing  task  requiring  specialized  training  and  experience  with 
free  and  rotational  tissue  transfer. ’■6_l2  There  are  several  situa¬ 
tions  in  which  free  or  rotational  flap  coverage  is  not  possible, 
including  the  presence  of  a  single  vessel  limb,  local  muscu¬ 
lar  damage,  and/or  nonavailability  of  an  experienced  flap 
surgeon.  Other  techniques  of  acute  angulation  with  shorten¬ 
ing  have  been  described  to  allow  closure  of  these  soft-tissue 
defects  associated  with  fractures.13'19 

In  the  current  conflict  in  Iraq,  wounded  American  and 
coalition  forces  have  their  initial  stabilization  and  wound 
management  performed  at  a  combat  support  hospital  or  for¬ 
ward  surgical  team  in  theater.  Thereafter,  they  can  be  rapidly 
evacuated  to  treatment  facilities  in  their  respective  countries 
for  definitive  reconstruction  of  these  bone  and  soft-tissue  inju¬ 
ries.  Host  nation  wounded  soldiers  and  civilians  do  not  have 
the  benefit  of  evacuating  to  modern.  Western  medical  cen¬ 
ters.  They  often  depend  upon  the  American  medical  assets  in 
theater  for  care  beyond  initial  stabilization  and  acute  wound 
management,  because  their  own  health  care  system  has  lim¬ 
ited  resources.  These  host  nation  wounded  individuals  pro- 
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vide  a  reconstructive  challenge  for  the  deployed  orthopedic 
surgeon. 

MATERIALS  AND  METHODS 

During  a  6-month  period  from  April  to  September  of  2006, 
several  selected  host  national  soldiers  and  civilians  received 
their  intermediate  and  sometimes  definitive  orthopedic  care 
at  our  combat  support  hospital  in  Baghdad,  Iraq.  Patients 
were  selected  on  the  basis  of  complexity  of  injury,  potential 
for  reconstruction,  and  availability  of  resources  at  the  com¬ 
bat  support  hospital.  The  primary  limiting  resource  was  bed 
space.  Within  this  group  of  patients  we  treated  6  limbs  in 
5  patients  with  the  technique  of  shortening  and/or  angulation 
to  obtain  soft-tissue  coverage  for  extremity  war  wounds. 

Our  orthopedic  team  consisted  of  3  orthopedic  surgeons. 
None  of  us  have  formal  training  in  flap  techniques.  One  sur¬ 
geon  (J.R.H.)  has  formal  training  and  experience  with  the 
Ilizarov  method.  The  Ilizarov  method  is  a  treatment  modality 
utilizing  gradual  compression  and  distraction  with  an  exter¬ 
nal  fixator  to  grow  bone  and  soft  tissue.  The  techniques  were 
developed  in  Kurgan,  Russia  by  Professor  Gavril  A.  Ilizarov 
to  treat  the  sequelae  of  injuries  sustained  during  the  Second 
World  War. 

Three  of  the  5  patients  were  initially  treated  at  outside 
facilities.  All  3  patients  had  emergent  debridement  at  these 
outside  facilities.  Two  of  the  3  were  stabilized  with  external 
fixators  at  American  treatment  facilities.  One  of  these  patients 
was  initially  treated  at  an  Iraqi  hospital  without  bony  stabili¬ 
zation.  The  final  2  patients  presented  acutely  to  our  combat 
support  hospital. 

The  extremities  treated  included:  2  humerus  fractures.  3  tibia 
fractures,  and  1  ankle  fracture.  Two  of  the  patients  required 
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vascular  reconstruction.  All  these  fractures  were  the  result 
of  high-energy  penetrating  trauma  either  from  improvised 
explosive  devices  (IED)  or  military  rifles.  Four  of  the  inju¬ 
ries  were  classified  according  to  the  system  of  Gustilo  and 
Anderson  as  type  III-B  fractures,  meaning  they  require  soft- 
tissue  coverage  for  definitive  closure  (Table  I).  The  other  2 
were  type  III-C  fractures,  meaning  they  had  an  associated  vas¬ 
cular  injury  requiring  repair  or  construction. 

Surgical  technique:  Careful  vascular  examination  was 
documented  before  surgical  intervention.  All  patients  were 
treated  with  aggressive  surgical  debridement  of  devital¬ 
ized  skin,  muscle,  and  bone.  All  reasonably  accessible  for¬ 
eign  bodies  were  removed.  Irrigation  was  performed  with  a 
minimum  of  6  liters  of  normal  saline  via  low-power  pulse 
lavage  (Surgilav,  Zimmer  Inc..  Warsaw.  IN)  with  no  irrigant 
additives. 

All  patients  were  initially  stabilized  with  the  standard 
Hoffman  II  external  fixator  (Stryker  Orthopedics). 

The  2  patients  with  ischemic  limbs  were  initially  sta¬ 
bilized  with  their  limbs  at  the  approximate  normal  length 
before  their  vascular  reconstructions.  Their  shortening  with 
or  without  angulation  was  performed  at  scheduled  subsequent 
operations. 

After  placement  or  revision  of  the  external  fixator,  the  limbs 
were  shortened  with  or  without  angulation  to  allow  redundancy 
in  the  soft  tissue  (Fig.  1 ).  Four  of  the  injuries  were  shortened 
without  angulation.  The  other  2  were  angulated  in  addition 
to  shortening.  Angulation  was  performed  in  the  larger  asym¬ 
metrical  defects.  One  patient  required  partial  fibulectomy  to 
perform  the  shortening  and  angulation.  The  resultant  soft- 
tissue  redundancy  allowed  for  local  skin  and  muscle  recruit¬ 
ment  to  cover  the  bone  (Fig.  2).  Viable  skin  flaps  and  edges 
were  sewn  together  using  simple  nylon  sutures.  The  remain¬ 
ing  soft-tissue  defects  after  partial  skin  closure  were  covered 
with  local  muscle.  The  epimysium  of  these  muscles  were  sewn 
together  over  the  bone  using  small,  monofilament,  resorbable 
sutures.  In  all  cases,  the  bone  was  completely  covered  by 
either  skin  or  muscle.  None  of  the  wounds  had  enough  skin 
for  complete  primary  closure.  Wound  vacs  were  placed  over 
the  muscle.  Repeat  vascular  examination  was  performed  with 
Doppler  confirmation  at  the  conclusion  of  the  procedure  to 
ensure  there  was  no  vascular  kinking. 


All  patients  returned  to  the  operating  room  within  48  to  72 
hours  for  completion  of  the  soft-tissue  coverage  with  a  split¬ 
thickness  skin  graft.  All  local  muscle  and  skin  were  viable  at 
the  time  of  skin  grafting. 

In  this  series,  none  of  the  patients  underwent  restoration 
of  their  normal  limb  lengths  because  of  limited  technical 
resources  and  uncertain  follow-up.  Angular  deformities  were 
gradually  corrected. 


RESULTS 

The  patient  initially  treated  at  an  Iraqi  hospital  died  of  mul¬ 
tiple  organ  system  failure  because  of  intra-abdominal  injuries. 
Average  follow-up  on  the  remaining  patients  was  7.03  weeks 
( 1  to  14  weeks).  In  the  patient  with  1-week  follow-up.  the  skin 
graft  had  100%  take  when  the  patient  returned  to  his  home  in 
the  western  part  of  the  country.  Two  of  the  patients  had  small 
areas  (5%)  of  the  wound  without  take  of  the  skin  graft.  These 
were  treated  with  simple  wet-to-dry  dressing  changes  with 
uneventful  healing.  All  other  wounds  were  healed  at  the  latest 
follow-up  without  signs  of  infection. 

DISCUSSION 

Reconstruction  of  soft-tissue  defects  associated  with  high- 
energy  trauma  is  a  challenging  task  under  the  best  of  circum¬ 
stances  with  flap  complications  and/or  failure  rates  exceeding 
20%  in  some  studies.1 ,,aui  Soft-tissue  reconstruction  is  even 
more  challenging  in  a  forward  deployed  environment  with 
limited  resources  and  varying  surgeon  experience. 

According  to  a  medical  liaison  in  Baghdad,  there  are  more 
than  30.000  amputees  in  Iraq  as  a  result  of  the  recent  conflicts. 
Only  300  ( 1  %)  of  these  patients  have  been  fitted  with  prostheses 
because  of  limited  resources.”  For  this  reason,  challenging 
attempts  at  limb  salvage  in  these  host  nation  patients  may  be 
warranted. 

Although  rotational  and  free  tissue  transfer  techniques 
account  for  a  large  number  of  the  soft-tissue  reconstructions 
performed  for  high-energy  traumatic  wounds.3-6"11,23,24  there 
is  growing  attention  being  paid  to  Ilizarov  method  external 
fixator  techniques  of  temporary  shortening  with  or  without 
angulation  to  reconstruct  soft  tissue.  This  soft  tissue  can  be 


TABLE  I.  Classification  of  Open  Fractures 


Type 

Wound 

Level  of  Contamination 

Bone  Injury 

Soft-Tissue  Injury 

1 

<lcm  long 

Clean 

Minimal  comminution 

Minimal 

II 

>lcm  long 

Moderate 

Moderate  comminution 

Moderate 

Ill-A 

>10  cm  long 

High 

Usually  comminuted,  soft-tissue  coverage  of 
bone  possible 

Severe 

III-B 

>10  cm  long 

High 

Bone  coverage  poor;  variable,  may  be  moderate 
to  severe  comminution 

Very  severe  loss  of  coverage,  usually 
requires  soft-tissue  reconstructive  surgery 

III-C 

>10  cm  long 

High 

Bone  coverage  poor;  variable,  may  be  moderate 
to  severe  comminution 

Severe  loss  of  coverage  plus  vascular  injury 
requiring  repair 

Adapted  from  refs.  46  and  47. 
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FIGURE  1.  (a-e)  Radiographs  and  photographs  of  open  distal  tibia  fx  before  and  after  acute  shortening  and  angulation.  Wound  was  successfully  covered 

with  split  thickness  skin  graft  alone. 


subsequently  lengthened  as  well  under  the  tension-stress  effect 
with  expected  lengthening  of  skin,  muscles,  nerves,  and  even 
blood  vessels.25-36  In  fact,  this  relengthened  tissue  is  durable 
enough  to  tolerate  a  secondary  bone-grafting  procedure.19 


Restoration  of  limb  length  can  be  challenging  and  requires 
specialized  training  and  devices.37-15  This  may  not  be  possible 
or  appropriate  in  an  austere  environment.  The  benetii  of  this 
technique  in  this  environment  is  that  other  final  reconstruction 
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FIGURE  2.  (a-d)  Photographs  of  an  open  Grade  III-B  distal  tibia  fx  with 

articular  bone  loss.  Wound  was  treated  with  acute  shortening  and  ankle  fusion 
followed  by  split-thickness  skin  grafting.  Lower  right  image  demonstrates 
healed  soft-tissue  envelope  1 2  weeks  postoperatively. 


possibilities  can  be  considered  once  the  patient  has  a  stable 
soft-tissue  envelope.  Later  bone  grafting  with  or  without  con¬ 
version  to  internal  fixation  may  be  employed  to  achieve  bony 
union  and  restore  limb  function.  Although  the  final  result 
of  a  shortened  limb,  or  even  some  residual  angulation,  may 
be  unsettling  to  the  patient  and  physician,  the  harsh  reality 
is  that  the  host  nation  patient  may  never  receive  a  prosthesis 
if  an  amputation  is  performed.  Long-term  disability  is  likely 
to  remain  a  problem  for  these  patients  until  future  definitive 
reconstructive  procedures  can  be  performed.  In  the  setting  of 
an  amputation  without  the  aid  of  a  prosthesis,  little  improve¬ 
ment  in  functional  status  seems  possible  over  attempts  at  limb 
salvage. 

Limitations  of  this  evaluation  include  small  sample  size 
and  short  follow-up.  Patients  were  followed  for  as  long  as 
possible  given  their  individual  circumstances. 

CONCLUSION 

Shortening  with  or  without  angulation  of  extremities  with  bone 
and  soft-tissue  loss  is  a  safe  and  effective  means  of  obtaining 
soft-tissue  coverage  in  a  theater  of  operations. 
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